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Abstract
Feminist scholars have called for gender researchers to consider gene-environment interactions for
gender-imbalanced disorders (Salk and Hyde Psychology of Women Quarterly, 36, 395–411, 2012). Responding to these calls, the present study integrates objectification theory (Fredrickson and Roberts
Psychology of Women Quarterly, 21, 173–206, 1997) and genetic research. In the tested model, objectification experiences are associated with disordered eating through body surveillance and body shame,
and serotonin transporter (SLC6A4) genotypes (5-HTTLPR and rs25531), serotonin 2A receptor SNP
genotypes (HTR2A rs6311), and the epistatic interaction between those genotypes function as moderators. U.S. undergraduate women (n = 526) completed self-reports of objectification, body surveillance,
body shame, and disordered eating and donated buccal cells for genetic analyses. The association
between objectification and disordered eating was mediated by body shame but not body surveillance. The paths from objectification to both body surveillance and body shame were moderated by
genotypes. The indirect effect of objectification on disordered eating through body shame was present only for SLC6A4 L′ and rs6311 G homozygotes. Our results are consistent with previous
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evidence that serotonin system genetic variation is associated with disordered eating risk. They provide evidence of a nondeterministic genetic effect that is context dependent and subtle. These findings also reinforce efforts to develop personalized prevention and treatment approaches for eating
disorders.
Keywords: objectification, serotonin, 5-HTTLPR, HTR2A, eating, genetics

Feminist theories and genetics theories are often perceived as taking opposing views on
the nature versus nurture debate, with genetics being used to essentialize sex differences
that tend to oppress women and to justify atrocities such as the involuntary sterilization of
women motivated by the misguided eugenics movement (Black 2003). Yet modern genetic
perspectives, especially with a focus on how genes and environmental factors interact,
could reduce such dichotomous thinking, suggesting that genetic factors are not deterministic, but that genetic variation and experiences are inextricably and dynamically connected (Salk and Hyde 2012). Disordered eating (indicated by attitudes and behaviors that
are characteristic of eating disorders) is a problem with known genetic and environmental
contributions, and even subdiagnostic levels of eating disturbances and dieting frequency
are related to depression and insecurity (Ackard et al. 2002); however, there is a lack of
research integrating gender theories and genetics explanations of disordered eating. The
present work aims to address this gap in the literature by examining gene-environment
interactions by integrating objectification theory and genetics.
The relentless sexual objectification that women in Western cultures experience because
of their gender, communicating that their physical appearance is the primary determinant
of their value in the eyes of others, is known to put women at increased risk of disordered
eating (Moradi and Huang 2008). Although disordered eating is prevalent in college women
in the United States (Luce et al. 2008), many women do not present with eating disorders
or even disordered eating. Similarly, genetic variation in the serotonin system is associated
with disordered eating (Calati et al. 2011) but may be dependent on context. Thus, a more
nuanced understanding of how contextual factors and individual differences contribute to
the development of disordered eating in women is necessary. Toward that end, and in line
with recent calls to feminist scholars to revisit genetic dispositions in a nondeterministic
way (Salk and Hyde 2012), we provide a novel integration of objectification theory and
research on genetic variation in the serotonin system to predict disordered eating. The present study tests a well-established pathway from objectification to disordered eating through
body surveillance and body shame and investigates whether the pattern of results varies
for women with different genotypes.
Understanding the combined effects of genetic variation and objectification offers both
theoretical and practical implications. It could inform objectification theory, identifying
additional, previously unspecified individual difference factors that influence women’s responses to objectification. Although objectification is an occurrence that women experience
disproportionately relative to men, there is also considerable diversity within gender with
respect to objectification experiences (e.g., the consequences of objectification experiences
vary as a function of age, weight, racial/ethnic identity, and chronic exposure to sexually
objectifying environments; Grippo and Hill 2008; Liss and Erchull 2015).
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At a practical level, the obvious way to reduce disordered eating is to prevent sexual
objectification from men toward women from occurring in the first place. In conjunction
with these important efforts, it also may be valuable to identify genetic variants that are
associated with women’s susceptibility to objectification’s effects, better characterizing the
biological systems involved. Understanding how genetic variation and objectification experiences interact may help practitioners and policymakers develop interventions to reduce the negative consequences of objectification, even if objectification experiences remain
high, which seems likely in patriarchal cultures that are saturated with heterosexuality.
Additionally, identifying genetic factors that may impact responsivity to sexual objectification can help explain why some women, despite pervasive experiences of sexual objectification, do not exhibit disordered eating, although for others objectification plays a
significant role in eating pathology.
Objectification
Sexual objectification occurs when a woman is reduced to her appearance, body, or sexual
body parts or functions for the pleasure and consumption of the viewer (Bartky 1970;
Nussbaum 1995). It manifests in interpersonal interactions through dehumanizing behaviors such as objectifying gazes, appearance commentary, and unwanted sexual advances
(Kozee et al. 2007). College women report frequent experiences of sexual objectification
(e.g., body gazes, appearance commentary; Kozee et al. 2007), which increase their risk for
disordered eating (see Moradi and Huang 2008; Roberts et al. 2018, for reviews). The reasons for this relation are complex, but objectification theory (Fredrickson and Roberts 1997)
posits that objectification experiences cause women to self-objectify, or see themselves as
sexual objects through the eyes of third-party observers, and this self-objectification causes
short-term (e.g., body shame) and long-term (e.g., eating disorders) health problems. Selfobjectification may be used as a strategy by women to determine how other people will
treat them and as a means of establishing predictability and control in their everyday lives,
given the persistent nature of objectification in their environment (Fredrickson and Roberts
1997).
Self-objectification can manifest in many ways, but one way that has been documented
in the literature is through persistent body surveillance (routinely monitoring one’s physical appearance; McKinley and Hyde 1996). Unfortunately, when women chronically scrutinize how they might appear to other people, they often experience body shame (the
emotional reaction to feeling that one’s body does not meet personal or social ideals of
physical attractiveness). This process occurs because cultural ideals of beauty are unattainable for most women and comparing their perceptions of their bodies to those ideals leaves
many women feeling inadequate (McKinley and Hyde 1996). This body shame may subsequently fuel behavioral efforts such as disordered eating as a means toward achieving
this mostly unachievable appearance. Self-objectification contributes to women’s disproportionate risk relative to men for unipolar depression, sexual dysfunction, and eating disorders (Fredrickson and Roberts 1997).
Empirical research using objectification theory as a framework shows that body surveillance and subsequent body shame mediate the relation between sexual objectification
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and disordered eating (Noll and Fredrickson 1998; Tiggemann and Slater 2001; Moradi et
al. 2005). Additionally, self-objectification caused by awareness of unrealistic cultural
standards of beauty is related to body-shame and disordered eating (Cashel et al. 2003;
Griffiths et al. 2000; Heinberg et al. 1995; McKinley and Hyde 1996). Indeed, simply anticipating (without experiencing) objectification in the form of an imminent male gaze can
increase body shame in college women (Calogero 2004). This convergent evidence provides empirical support that objectification can lead to body surveillance and body shame,
which in turn can lead to disordered eating.
Genetic Variation in Disordered Eating
In addition to environmental contributors such as objectification, heritability estimates for
clinical diagnosis of eating disorders range from 28 to 88% (Hinney and Volckmar 2013).
Furthermore, genetic variants in the serotonin system are implicated in risk for these disorders due to the association between serotonergic functioning and disordered eating
(Calati et al. 2011; Favaro 2013). Variation in dopamine system genes (Nisoli et al. 2007),
the Fat Mass and Obesity-Associated (FTO) gene (Castellini et al. 2017), and other genes
have been associated with disordered eating (in individuals with eating disorders and
healthy controls; see Yilmaz et al. 2015, for a review). However, due to the abundance of
evidence implicating serotonin in disordered eating, as well as the likelihood of it interacting with environmental factors, the serotonin system is the focus of the present investigation. In animal and nonclinical human studies, for example, serotonin neurotransmission
is associated with eating-related variables such as obesity and preference for carbohydrates
and fat (Blundell et al. 1995; Leibowitz and Alexander 1998). In addition to medical issues
that sometimes result from eating problems such as obesity, serotonergic functioning has
been directly associated with disordered eating. Reduced serotonin neurotransmission is
implicated in anorexia nervosa (Gauthier et al. 2014; Kaye et al. 2003), and serotonin-specific
reuptake inhibitors (SSRIs) can be effective in treating eating disorders (Mitchell et al. 2013).
A polymorphism, called 5-HTTLPR, in the regulatory region of the serotonin transporter gene (SLC6A4), is associated with disordered eating in women (clinical and nonclinical samples) with genotypes indicative of lower serotonin transporter expression (for a
review, see Calati et al. 2011), although not all studies replicate the finding (e.g., MunnChernoff et al. 2012). It is possible that the objectification that women experience in their
environment may help explain these discrepant findings. For example, although women
in general are more likely to have objectification experiences and to suffer worse consequences than men, there is also considerable variability with which women experience
sexual objectification in their environment (Kozee et al. 2007; Moffitt and Szymanski 2011).
Whether women with genotypes indicative of lower serotonin transporter expression develop disordered eating may depend, in part, on whether they have concomitant objectification in their environment.
The 5-HTTLPR genotype is most commonly composed of either short (S) or long (L)
alleles and an additional single nucleotide polymorphism (SNP), either an A or G allele
(rs25531). The S allele is associated with lower transcriptional efficiency (i.e., the expression
of fewer serotonin transporter proteins; Lesch et al. 1996), and when the L allele contains
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the G allele or rs25531 (LG allele), it has similarly low serotonin transporter expression (Hu
et al. 2005). For this reason, the LA allele (referred to from here on as L′) is distinguished
from the S allele or LG (both referred to as S′). Carrying at least one S′ allele is sufficient to
reduce expression of the serotonin transporter gene compared to carrying the L′/L′ genotype (Hu et al. 2005; Zalsman et al. 2006).
The excitatory post-synaptic serotonin 2A receptors, coded for by the HTR2A gene, also
play a role in serotonin neurotransmission and eating pathology (Devlin et al., 2002). A
single nucleotide polymorphism (SNP), rs6311, in the regulatory region of HTR2A has an
impact on its expression (Falkenberg et al. 2011; Smith et al. 2013), and both alleles have
been associated with aspects of disordered eating. These findings indicate that the effect of
genetic variation at this locus is highly sensitive to context. The G allele of rs6311 (which
confers lower serotonin 2A receptor expression) is associated with higher reward dependence and harm avoidance in patients with anorexia nervosa (Rybakowski et al. 2006) and
increased impulsivity with decreased sensitivity to post-synaptic serotonin in women with
bulimia nervosa (Bruce et al. 2005). The A allele is generally associated with anorexia nervosa (Enoch et al. 1998, 1999; Martásková et al. 2009; Ricca et al. 2002), but not in all studies
(Ando et al. 2001). There is substantial evidence for gene-gene interactions (known as epistasis; e.g., Stoltenberg et al. 2012a, b; Urwin and Nunn 2005), particularly when the genes
code for proteins in the same system (such as the serotonin transporter and serotonin receptor 2A; Templeton 2000). Thus, epistatic interactions between rs6311 genotype and
other genotypes (such as SLC6A4), as well as interactions with environmental factors (such
as objectification), may contribute to inconsistencies in the literature because the effect of
a particular genetic variation may be sensitive to the particular genetic and environmental
context of a given study.
Objectification Environments × Serotonin-Related Genes
Although both objectification and genetic variation in the serotonin system are associated
with disordered eating, there are individual differences in these associations. Some women
experience objectification without concomitant disordered eating, and some women have
genetic dispositions for disordered eating that are never expressed. With respect to objectification, for example, trying on a swimsuit in front of a mirror has been found to contribute to body shame, which in turn was associated with disordered eating, but primarily for
women who were high on trait self-objectification (Fredrickson et al. 1998, Study 1). This
and similar findings suggest that women high in self-objectification may be more responsive to the objectifying situation of trying on a swimsuit in front of a mirror than women
low in self-objectification.
Genetic variation in the serotonin system has already been identified as a key component of individual differences in responsiveness to various social stressors (Zhou et al.
2008), or social responsiveness (SR). We hypothesize that higher SR conferred by certain
genetic variants in the serotonin system could make sexual objectification in the environment more impactful for certain women, similarly to effects found with other social stressors (e.g., bullying and social exclusion; Sugden et al. 2010; Josephs et al. 2012). Sexual
objectification experienced by women is ubiquitous and largely outside women’s control
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(hence its oppressive power); yet, acknowledging that genetic differences may be associated with increased responsiveness to stressful social experiences such as sexual objectification could help researchers expand upon what is already known about within-gender
variability in response to sexual objectification (e.g., Grippo and Hill 2008). Although
women with low SR may be somewhat resilient to experienced objectification, objectification remains a significant problem for many women, and it may be particularly detrimental for women with high SR. Likewise, women with fewer objectification experiences
may be somewhat resilient to developing disordered eating, even if they carry genes that
can manifest in lower serotonin transporter expression.
Several genetic variants in the serotonin system, SLC6A4 and rs6311, are likely associated
with SR because they have context-dependent effects. The S allele of SLC6A4 is associated
with higher responsivity to several socially stressful experiences, such as bullying (Sugden
et al. 2010), childhood maltreatment (Kaufman et al. 2006), and social exclusion (Josephs et
al. 2012), whereas the L allele is associated with higher responsivity to low socioeconomic
status (Sadeh et al. 2010). Evidence associating the G allele of rs6311 with context-dependent
disorders such as seasonal affective disorder (Molnar et al. 2010) and post-traumatic stress
disorder (Lee and Lin 2010; Mellman et al. 2009), as well as evidence for increased potential
for epigenetic changes in the G allele (Falkenberg et al. 2011), suggest that the G allele is
also associated with sensitivity to environmental impacts (cf., Enoch et al. 1999). These genetic variants in the serotonin system likely play roles in responsiveness to a variety of
stimuli (e.g., early life stress) in the development of multiple outcomes (e.g., depression),
but the heretofore untested association with these genetic variants and objectification-related
outcomes is of particular interest in the current study.
Objectification can be conceptualized as a social stressor that exists in patriarchal cultures and disproportionately affects women relative to men. Consistent with this social
stressor lens, objectification theory suggests that objectification experiences result in appearance anxiety (Fredrickson and Roberts 1997), and researchers have suggested that objectification is a stressful form of discrimination that can lead to psychological distress and
undermine physical health (Moradi 2013). There also is research showing that objectification experiences contribute to safety concerns (Fairchild and Rudman 2008) as well as anxiety (Davidson et al. 2016; Donnelly and Calogero 2017), providing empirical evidence that
objectification is experienced as stressful to many women. Considered with research on
outcomes associated with the SLC6A4 and rs6311 genotypes, it is possible that the SLC6A4
genotype, the rs6311 genotype, or both may moderate associations between objectification
and its correlates with disordered eating.
The Present Study
The present model tested moderation of the pathway from objectification to disordered
eating by genotypes. Both SLC6A4 genotype and rs6311 genotype are associated with differential responsiveness to certain environmental stressors (Josephs et al. 2012; Mellman et
al. 2009), and objectification is experienced as stressful (Davidson et al. 2016; Donnelly and
Calogero 2017), so both genotypes may moderate responsiveness to sexual objectification.
The direction of these effects, however, is unclear. Thus, the present investigation is
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exploratory in nature with respect to which combination of genotypes is likely to be associated with the greatest likelihood for sexual objectification to manifest in disordered eating. Because of the likelihood of epistasis between SLC6A4 and rs6311 (Templeton 2000),
and consistent with recommendations to include all two-way interactions when testing a
three-way interaction (Hayes 2013), the interaction between the genotypes is also included
as a possible moderator.
The proposed pathway from objectification to disordered eating through body surveillance and body shame is based on empirical support for objectification theory. The current
study comprehensively tested genetic moderation from objectification to eating problems
to account for conditional effects throughout the model. The paths from objectification to
body surveillance (path A), body shame (path D), and disordered eating (path F) may be
moderated by genotypes based on our hypothesis that SLC6A4 genotypes, rs6311 genotypes, and their epistatic interaction may be associated with differential responsiveness to
objectification. Although objectification experiences in social interactions are one specific
stressor that may be differentially impactful based on genotype, related body surveillance
and body shame are likely manifestations of several environmental stressors (including
interpersonal objectification but also objectification in media, exposure to traditional gender role stereotypes, and social comparison). Thus, we also examined whether the paths
from body surveillance to body shame (path B), body shame to disordered eating (path C),
and body surveillance to disordered eating (path D) may be moderated by the genotypes.
There is indeed some evidence that self-consciousness and shame can be differentially impactful for people with different SLC6A4 genotypes, based on physiological arousal (Gyurak
et al. 2013), so it is worth testing whether these differential impacts also occur in the association with disordered eating. This model provides a first step in testing the role that genetic variation may play in individual differences in the pathway from objectification to
disordered eating.
Method
Participants and Procedures
A total of 539 undergraduate women from the psychology research pool at a large U.S.
Midwestern university participated for course credit, each receiving one credit for 30
minutes of participation. Thirteen participants were excluded from analyses due to missing genotype data, so the total sample size was 526. Participants were primarily White (414,
78.7% White; 18, 3.4% Black; 2, .4% Native American; 30, 6.1% Hispanic; 20, 3.8% multiracial or other) and heterosexual (484, 92.0% heterosexual; 10, 1.9% bisexual; 19, 3.6% gay/lesbian; 4, .8% pansexual/demisexual/asexual/other), with ages ranging from 18 to 40 years
old (Mage = 20.28, SD = 2.29) and body mass index (BMI) ranging from 14.24 to 48.65 (MBMI
= 23.34, SD = 4.71). Participants gave informed consent, completed questionnaires, and donated buccal cells for genetic analyses. DNA was extracted from buccal cells and genotypes
were determined for 5-HTTLPR, rs25531, and rs6311. The present study was approved by
the university’s Institutional Review Board. DNA samples were stored in a locked lab until
disposal after the completion of all analyses.
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Measures
Sexual objectification was measured using the Interpersonal Sexual Objectification Scale
(ISOS; Kozee et al. 2007). Participants rated the frequency with which they have experienced 15 items on a scale from 1 (never) to 5 (almost always) in the past year. Sample items
include: “How often have you been whistled at while walking down a street?” and “How
often have you been touched or fondled against your will?” Mean scores were calculated
for the full scale with higher scores representing greater levels of sexual objectification.
This scale was selected because previous psychometric data and associations with theoretically related constructs suggest good validity and reliability. The ISOS has been structurally validated with exploratory and confirmatory factor analysis and has been found to be
associated with sexist degradation, sexist events, body surveillance, and body shame
(Kozee et al. 2007). Previous psychometrics report internal consistency of .92 and test-retest
reliability of .90 across a 3-week period (Kozee et al. 2007). Cronbach’s alpha for the current
sample was .92.
Body surveillance and body shame were measured using subscales of the Objectified
Body Consciousness Scale (OBCS; adapted from McKinley and Hyde 1996). Participants
indicated agreement with items on two subscales (each consisting of eight items) using a
Likert scale from 1 (strongly disagree) to 6 (strongly agree). The Body Surveillance subscale
measures people’s tendencies to habitually monitor their bodies and think about appearance and includes items such as “I rarely think about how I look” (reverse coded). The
Body Shame subscale measures one’s tendency to feel shame when one’s body does not
conform to expected standards and includes items such as “When I can’t control my
weight, I feel like there is something wrong with me.” Negatively worded items were reverse coded, and mean scores from each subscale were calculated and analyzed separately,
with higher scores indicating more body surveillance and more body shame, respectively.
These subscales have demonstrated good internal consistency (α = .89 for Surveillance;
α = .75 for Body Shame) and has been supported by both exploratory and confirmatory
factor analysis. Body Surveillance and Body Shame are valid measures, based on each
showing the expected associations with body esteem and disordered eating and body surveillance showing convergent validity with public self-consciousness and discriminant validity from social anxiety (McKinley and Hyde 1996). Internal consistencies for the
subscales for the current sample were good (α = .76 for Body Surveillance; α = .85 for Body
Shame).
Disordered eating was assessed using the Eating Attitudes Test (EAT-26; Garner et al.
1982). On this 26-item self-report questionnaire, participants respond on a Likert-type scale
from 1 (never) to 5 (always). This response structure for the EAT-26 has been shown to provide good variability, particularly in nonclinical samples (Maïano et al. 2013). The questionnaire consists of three subscales: Dieting (“I am aware of the calorie content of foods I
eat”), Bulimia and Food Preoccupation (“I find myself preoccupied with food”), and Oral
Control (“I avoid eating when I’m hungry”; Ocker et al. 2007). EAT-26 total scores were
calculated by summing the items. Higher scores indicate more characteristics of eating disorders. This scale has demonstrated good internal consistency (α = .94; Garner et al. 1982),
has been supported and revised through factor analysis, and has been correlated to body-
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image variables and eating disorder diagnoses (Garner et al. 1982; Maïano et al. 2013). Internal consistency for the current sample was good (α = .90).
For exploratory purposes, participants were also asked four additional questions which
are not part of the EAT-26: “Have you gone on eating binges where you feel that you may
not be able to stop? (Eating much more than most people would eat under the same circumstances)”; “Have you ever made yourself sick (vomited) to control your weight or
shape?”; “Have you ever used laxatives, diet pills or diuretics (water pills) to control your
weight or shape?”; and “Have you ever been treated for an eating disorder?” These items
were included to further describe our sample’s self-reported eating behaviors.
DNA Processing
DNA was extracted from lysed buccal cells and genotyped for 5-HTTLPR, rs25531, and
rs6311 using standard procedures (Wendland et al. 2006; detailed DNA processing procedures are provided in the supplementary material). Participants with highest functioning
SLC6A4 genotypes (L/L on 5-HTTLPR and A/A on rs25531; L′/L′) were grouped for analysis and compared to anyone carrying a low-functioning allele (S on 5-HTTLPR and/or G
on rs25531; S′/_).
Data Analytic Strategy
The model shown in Figure 1 was tested using maximum likelihood (ML) estimation with
Mplus software (Muthén and Muthén 2010), testing all potential direct and indirect pathways between objectification and disordered eating as well as testing for moderation of
SLC6A4 genotype, rs6311 genotype, and the epistatic interaction for all paths. Quantitative
predictor variables were mean-centered (see means used for centering in Table 1). There
were missing data for 13 participants (all missing at least one genotype call), and these
participants were dropped from the analysis. For SLC6A4 genotype, L′/L′ was coded as 0,
and S′ carriers were coded as 1 (based on transcriptional efficiency; Hu et al. 2005; Zalsman
et al. 2006). For rs6311 genotype, G/G was coded as 0, and A carriers were coded as 1;
because the A allele is significantly less common, comparing anyone who carries at least 1
copy of the A allele to G allele homozygotes helps with statistical power.
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Figure 1. Model with significant coefficients. The only significant paths were from objectification → body surveillance, objectification → body shame, and body shame → disordered eating. The paths from objectification to body surveillance and from objectification
to body shame were moderated by genotype, so coefficients shown for these paths indicate the effect for women with SLC6A4 L′/L′ genotypes and rs6311 G/G genotypes (groups
coded 0). Nonsignificant paths are indicated by gray dashed paths. Main effects of genotypes, their epistatic interaction, covariates (age, race/ethnicity, BMI) and genetic interactions with covariates are also included as predictors at all paths, but are not shown.

Table 1. Descriptive statistics, sample sizes, and correlations among study variables
M (SD)
1. Objectification

2.25 (.55)

n

1

539

—

2

3

4

5

6

2. Body Surveillance

3.83 (.77)

539

.142**

—

3. Body Shame

2.80 (.99)

539

.158**

.503*

—

4. Disordered eating

13.86 (9.81)

536

.171**

.371*

.627**

—

5. SLC6A4 genotype

—

532

−.090*

−.011

−.073

.084

—

6. rs6311 genotype

—

532

−.012

−.016

−.045

−.032

.042

—

7. Race/Ethnicity

7

8

—

539

.027

−.001

−.017

−.009

.059

.030

—

8. Age

20.28 (2.29)

538

.187**

−.025

.085*

.046

−.045

.021

.036

—

9. BMI

23.34 (4.71)

538

.013

.266**

.064

.001

.010

−.021

.169**

.113*

BMI = Body Mass Index. For SLC6A4 genotype, L′/L′ was coded as 0 and S′ carriers were coded as 1. For rs6311 genotype, G/G
was coded as 0 and A carriers were coded as 1.For race/ethnicity, White was coded as 0 and all other responses were coded
as 1. *p < .05, **p < .01
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Age, race/ethnicity, BMI, and interaction terms between each of these variables and
each genetic variable were included as covariates in the model (Dick et al. 2015). Global
model fit was assessed with Comparative Fit Index (CFI), TuckerLewis Index (TLI), Root
Mean Square Error of Approximation (RMSEA), and the Standard Root Mean Residual
(SRMR) prior to interpretation of path coefficients. Bootstrapped confidence intervals (95%
CIs) derived from 5,000 bootstrap draws were used to probe for conditional indirect effects,
which helps account for bias due to nonnormality (Muthén 2011).
Results
Univariate statistics are shown in Table 1 and are in line with previous samples of college
women (e.g., Calogero et al. 2010), and demographic statistics are also representative of
the university at which data were collected, aside from the exclusion of men from the present study. Quantitative variables were relatively normally distributed, ISR skew = .26, ISR
kurtosis = .12, body surveillance skew = .02, body surveillance kurtosis = −.33, body shame
skew = .50, body shame kurtosis = −.08, EAT-26 skew = 1.61, EAT-26 kurtosis = 3.46. To
determine whether univariate or multivariate non-normality introduced significant bias
into the model, we ran the model using robust maximum likelihood estimation (MLR) and
demonstrated the same pattern of results.
Responses to the descriptive eating behavior questions revealed that during their lifetimes, 15.7% (n = 83) reported binge eating; 8.2% (n = 44) reported vomiting to control their
weight; 18.2% (n = 96) reported using laxatives, diet pills, or diuretics to control their
weight; and 4.1% (n = 22) reported having been treated for an eating disorder. Bivariate
correlations are shown in Table 1. Bivariate associations confirmed our hypotheses that
objectification, body surveillance, body shame, and disordered eating are all significantly
and positively associated with each other. Bivariate associations between genotypes and
other variables were nonsignificant, except for a weak association (r = −.09) revealing increased objectification reported by women with the L′/L′ genotype. The general lack of
bivariate associations with genetic variables underscores the importance of considering
environmental context when investigating genetic risk factors. The slight increase in report
of objectification for women with the L′/L′ genotype was not significant after controlling
for other variables in the model. None of the bivariate correlations exceeded .70, so there
were no concerns about multicollinearity.
Global fit of the full model with all indirect and moderating effects was adequate, based
on the CFI = .94 (value of .90 or higher indicates adequate fit; Bentler 1990), TLI = .96 (value
of .90 or higher indicates adequate fit; Tucker and Lewis 1973), RMSEA = .05, 90% CI [.05,
.06] (values greater than .10 indicate poor fit; Browne and Cudeck 1992), SRMR = .07 (values greater than .10 indicate poor fit; MacCallum et al. 1996). Although the model Chisquare statistic was significant, χ2(118) = 299.18, p < .0001, this effect was anticipated given
the size of the sample. Notably, there are different perspectives regarding ideal thresholds
for fit indices (e.g., Barrett 2007; Hayduk et al. 2007); however, collectively, the fit indices
suggested adequate fit, and there were no theoretically meaningful modifications to the
model (Brown 2015). As such, we retained the model in its current form. The model accounted for 38.2% (SE = .10, p < .001) of the variance in disordered eating, 48.4% (SE = .09,
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p < .001) of the variance in body shame, and 4.3% (SE = .02, p = .01) of the variance in body
surveillance.
Of the 539 participants who enrolled in the study, we were unable to obtain genotypes
for 5-HTTLPR and/or rs25531 for seven women (98.7% call rate). We were also unable to
obtain rs6311 genotypes for seven women (98.7% call rate). Only one individual received
neither a SLC6A4 or rs6311 genotype. Participants without genotype calls were not included
in the analyses. We randomly selected 10% of the samples to genotype again, and had 99%
consistency with the first genotype results for SLC6A4 and 100% for rs6311; any sample
that yielded a discrepancy between the initial genotyping result and that of the discrepancy test was run again and corrected in the dataset. Observed genotype frequencies are
reported in Table 2 and are consistent with Hardy-Weinberg equilibrium (5-HTTLPR χ2 = .11,
rs25531 χ2 = .71, rs6311 χ2 = .18). Minor allele frequencies (5-HTTLPR S = .44, rs25531 G =
.07, rs6311 A = .40) were similar to expectations for a primarily White sample (Haberstick
et al. 2015).
Table 2. Genotype frequencies for serotonin transporter and serotonin receptor 2A
Gene
SLC6A4

SLC6A4

HTR2A

Polymorphism

Genotype

Frequency (percent)

5-HTTLPR

L/L

169 (31.5%)

L/S

260 (48.4%)

S/S

106 (19.7%)

XL/S

2 (0.4%)

A/A

460 (86.5%)

A/G

68 (12.8%)

rs25531

rs6311

G/G

4 (.8%)

G/G

196 (36.8%)

G/A

250 (47%)

A/A

86 (16.2%)

Genetic Moderation of Direct Paths
All moderation hypotheses tested are shown with path coefficients in Figure 1. Genetic
moderation of the effects of objectification on both body surveillance and body shame was
found. Path A from objectification to body surveillance was moderated by serotonin transporter genotype (b = −.29, SE = .06, p < .001; β = −.39), rs6311 genotype (b = −.28, SE = .07, p
< .001, β = −.43), and their epistatic interaction (b = .28, SE = .08, p = .001; β = .42). This
association was significant only for women with the L′/L′ and G/G genotypes (b = .29, SE =
.05, p < .001) and not for women with the L′/L′ and A/_ genotypes (b = .01, SE = .05, p = .87),
women with the S′/_ and G/G genotypes (b = .01, SE = .04, p = .88), or women with the S′/_
and A/_ genotypes (b = .001, SE = .03, p = .96).
Despite a significant bivariate correlation of moderate magnitude between body surveillance and body shame (Table 1, r = .50, p < .001), Path B was not significant (b = .22, SE = .19,
p = .22) nor was it moderated by any genotype variables when controlling for all the variables in the model (the interaction with SLC6A4 genotype: b = −.29, SE = .23, p = .21; the
interaction with rs6311 genotype: b = −.13, SE = .26, p = .62; the three-way interaction: b = .39,
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SE = .30, p = .19). Thus, when controlling for objectification and the other covariates, body
surveillance was not uniquely associated with body shame.
Path C from body shame to disordered eating was significant (b = 4.11, SE = 1.79, p <
.001) and was not moderated by any of the genotype variables (interaction with SLC6A4
genotype: b = −3.09, SE = 2.15, p = .15; interaction with rs6311 genotype: b = −2.83, SE = 2.36,
p = .23; three-way interaction: b = 4.42, SE = 2.77, p = .18). That is, the significant association
between body shame and disordered eating did not vary as a function of genotype.
Path D, representing the unique association between objectification and body shame
controlling for body surveillance, genotypes, and other covariates, was moderated by
SLC6A4 genotype (b = −.55, SE = .10, p < .001), rs6311 genotype (b = −.55, SE = .11, p < .001),
and their epistatic interaction (b = .55, SE = .13, p < .001). The association between objectification and body shame was only significant for women with both the L′/L′ genotype and
G/G genotype (b = .56, SE = .09, p < .001). The association was not significant for women
with the L′/L′ genotype but carrying the A allele (b = .01, SE = .07, p = .91), women with the
G/G genotype but carrying the S′ allele (b = .004, SE = .05, p = .94), or women carrying both
the S′ allele and A allele (b = .001, SE = .04, p = .98).
Path E from body surveillance to disordered eating (controlling for objectification, body
shame, genotypes, and other covariates) was not significant (b = −1.29, SE = 2.3, p = .58) nor
was it moderated by any genotype variables (interaction with SLC6A4 genotype: b = 3.07,
SE = 2.61, p = .24; interaction with rs6311 genotype: b = 2.07, SE = 3.00, p = .49; threeway
interaction: b = −4.36, SE = 3.40, p = .20).
Path F from objectification to disordered eating (controlling for body surveillance, body
shame, genotypes, and other covariates) was not significant (b = 2.91, SE = 2.16, p = .18) nor
was it moderated by any genotype variables (interaction with SLC6A4 genotype: b = .37,
SE = 2.41, p = .88; interaction with rs6311 genotype: b = −.64, SE = 2.50, p = .80; three-way
interaction: b = −1.29, SE = 2.30, p = .58).
To help illustrate further how the associations among objectification, body shame, body
surveillance, and disordered eating differ among the different possible combinations of
genotypes, bivariate correlations split by each possible combination of genotypes are provided in Table 3. When considering that only paths A and D were moderated by genotypes
in the multivariate model, it is particularly useful to note that the association between objectification and body shame, as well as the association between objectification and body
surveillance, is strongest for women with the L′/L′ genotype of SLC6A4 and the G/G genotype of rs25531.
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Table 3. Bivariate correlations for each combination of genotypes
5-HTTLPR genotype
rs6311 genotype

G/G

L′/L′

S′/_

5-HTTLPR L′/L′ and rs6311 G/G (n = 51, 9.70%)

5-HTTLPR S′/_ and rs6311 G/G (n = 143, 27.19%)

1
1. Objectification

A/_`

2

3

4

—

2. Body shame

.295*

—

3. Body surveillance

.284*

.595**

—

4. Disordered eating

.241

.741**

.414**

—

5-HTTLPR L′/L′ and rs6311 A/_ (n = 75, 27.19%)
1
1. Objectification

1
1. objectification

2

3

2. body shame

.195*

—

3. body surveillance

.133

.437**

—

4. disordered eating

.282**

.534**

.377**

4

1
1. objectification

.188

—

3. Body surveillance

.179

.479**

—

4. Disordered eating

.106

.609**

.388**

3

—

2

3

2. body shame

.083

—

3. body surveillance

.115

.525**

—

4. disordered eating

.097

.630**

.355**

Table 4. Conditional indirect effects from objectification to disordered eating

SERT
genotype

rs6311
genotype

Objectification →
body surveillance →
disordered eating

Objectification →
body surveillance →
body shame →
disordered eating

b

95% CI

b

95% CI

b

L’/L’

G/G

4.077

[.556, 10.614]a

−.833

[−5.214, 1.260]

1.722

A/_

.060

[−.015, .295]

−.025

[−.216, .059]

.698

[−1.631, 4.316]

S′/_

G/G

.027

[−.030, .191]

−.015

[−.188, .024]

−.537

[−2.608, .734]

A/_

.007

[−.032, .087]

−.004

[−.082, .028]

1.463

[−.059, 3.583]

aA

95% CI
[−.538, 6.599]

significant indirect effect from objectification to disordered eating was found through body shame for women
with the L′/L′ genotype of the serotonin transporter variant and the G/G genotype of rs6311.
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Genetic Moderation of Indirect Path
Next, we estimated conditional indirect effects to determine whether there was evidence
of mediation and for whom (i.e., under what combinations of genotypes). The indirect effect of objectification on disordered eating through body shame was only present for
women with both the L′/L′ and G/G genotype (b = 4.08, 95% CI [.56, 10.61]). The indirect
effect was not present for women with the L′/L′ genotype but carrying the A allele (b = .06,
95% CI [−.02, .30]), women with the G/G genotype but carrying the S′ allele (b = .03, 95% CI
[−.03, .19]), or women carrying both the S′ allele and A allele (b = .01, 95% CI [−.03, .09]). We
detected no other significant conditional indirect effects. The indirect effects through body
surveillance are also reported in Table 4, and as expected, they were not significant for any
of the genotype groups (due to the lack of a direct paths from body surveillance to both
body shame and eating problems).

Objectification →
body shame →
disordered eating

4

5-HTTLPR S′/_ and rs6311 A/_ (n = 257, 48.85%)

—

2. Body shame

2

—

—

SULLIVAN ET AL., SEX ROLES 82 (2020)

Discussion
The present study integrated objectification theory and research on genetic variation in the
serotonin system to examine the association between objectification experiences and disordered eating. This purpose is in line with recent calls from gender researchers to consider
gene-environment interactions (Salk and Hyde 2012). The present study provides evidence
that serotonin transporter genotypes, HTR2A (rs6311) genotypes, and their epistatic interaction are associated with individual differences in how sexual objectification experiences
are associated with body surveillance, body shame, and disordered eating. The indirect
effect of objectification on disordered eating via body shame is only present for women
with both the L′/L′ genotype of SLC6A4 and the G/G genotype of rs6311, when accounting
for all other variables in the model (SLC6A4 genotypes, rs6311 genotypes, age, race/ethnicity, and BMI, as well as the genetic interactions with the covariates). Thus, we find that
when considering many factors that contribute to disordered eating, experiences of objectification are associated with disordered eating through body shame for women with certain genotypes but not other genotypes.
Ours is the first known investigation of an interaction between experiences of objectification and genotypes, emphasizing the importance of considering both objectification and
genetic factors in risk for disordered eating. The present study supported the well-established
role of body shame in mediating the effect of objectification on disordered eating, while
integrating genetics into the objectification theory framework. Interestingly, the association between body shame and body surveillance was no longer significant when controlling for the other variables in our model, so body surveillance did not play a mediating
role, as would have been expected based on previous evidence (Kozee et al. 2007). We did
find the expected bivariate correlation between body shame and body surveillance, so the
lack of association in the multivariate model suggests that the variables are not uniquely
associated after accounting for the other variables in the model. It appears that the negative
self-conscious emotional response of body shame rather than chronically reflecting on how
one looks through body surveillance may be a key mediator associating objectification experiences with disordered eating, at least when also accounting for genetic variation in the
serotonin system. Therefore, the present study suggests that body shame is more important than body surveillance in explaining the mechanism of objectification’s effect on
disordered eating, after accounting for age, race/ethnicity, BMI, and genetic effects.
Although the identified interaction between objectification and genetic variation is novel,
it is consistent with evidence that other individual differences (e.g., trait self-objectification)
moderate the association between objectification experiences and body shame (Fredrickson et al. 1998). It is also consistent with evidence that other environmental stressors may
interact with serotonin transporter genotype and rs6311 genotype (i.e., diathesis stress
model or differential susceptibility hypothesis; Mellman et al. 2009; Sadeh et al. 2010). Interestingly, the gene-body surveillance and gene-body shame interactions were not significant, suggesting that L′/L′ genotype of SLC6A4 and the G/G genotype of rs6311 may make
women most responsive to direct social stressors (i.e., stressors in interactions with other
people) rather than manifestations of social stressors, which may stem from both social
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stressors (exposure to objectification in interactions) but also other variables (exposure to
objectification in media).
The epistatic interaction between SLC6A4 and rs6311 genotypes also corresponds with
other evidence identifying an interaction between these variants, which showed highest
impulsivity for people with the SLC6A4 L′/L′ genotype and rs6311 G/G genotypes (Stoltenberg et al. 2012a, b). The higher impulsivity previously found for people with these
genotypes also is consistent with our results because impulsivity plays a role in eating disorder risk (Lavender and Mitchell 2015). Although other studies have identified increased
risk for anorexia nervosa for the S′ allele of the serotonin transporter genotype (Calati et
al. 2011) and the A allele of rs6311 (Enoch et al. 1998), ours is the first known study to
identify a pathway that more specifically characterizes disordered eating risk for women
with the L′/L′ serotonin transporter genotype and the G/G rs6311 genotype, which further
emphasizes the importance of context in considering genetic risk.
The context-dependent nature of genetic contributions to complex outcomes such as
disordered eating can be very specific, so genetic effects may not be robust to even subtle
changes in methodology and model specification, contributing to issues with replication
in candidate-gene association studies (Dick et al. 2015; Duncan and Keller 2011). Although
testing for moderation of all paths in the current model is theoretically justified (e.g.,
Fredrickson and Roberts 1997; see Moradi and Huang 2008, for review), and leading psychometricians advocate for including all theoretically meaningful paths in the model regardless of significance (Hayes 2013), we did a follow-up analysis removing nonsignificant
genetic interactions from the model to see if the effects were robust to a simplification of
the model (see the supplementary material).
When constraining the later paths (B, C, and E) to be the same across genotype, the
genetic moderation was no longer significant. Specifically, there was still evidence for the
indirect effect of objectification on disordered eating via body shame, but this pathway did
not vary as a function of genotype. This could be attributed to the fact that even subtle
variation in specific paths as a function of moderators, even if moderation for certain paths
does not reach statistical significance, can ultimately contribute to significant variation
overall in indirect effects (Hayes 2013). Indeed, in the full model, we found that the indirect
effect of objectification on disordered eating via body shame did vary as a function of genotype even though some of the interactions for specific paths (e.g., from body shame to
disordered eating) did not reach statistical significance.
Although these preliminary effects must be interpreted with caution, our results are
consistent with the notion that DNA is not destiny. Genetic variation in the serotonin system is often associated with eating disorders; yet, our results suggest that this genetic variation works in tandem with the gender-oppressive environment in which women live.
Women with more frequent objectification experiences as well as certain serotonin transporter genotypes and rs6311 genotypes report higher disordered eating compared to women
who have these genotypes and less frequent objectification experiences or to women with
different genotypes. Genetics is a useful tool for understanding the development of eating
disorders; however, the current investigation highlights the importance of also recognizing
the role of discriminatory behaviors that women experience daily in patriarchal cultures.
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One of the major benefits of the genetic evidence provided is that it helps frame our
speculations regarding the biological mechanisms underlying individual differences in responsiveness to social stress such as sexual objectification and how this could be connected
to outcomes such as disordered eating. Reduced serotonergic neurotransmission is associated with disordered eating (Gauthier et al. 2014), so downregulation of the serotonin system may help explain how serotonin transporter genotype, serotonin receptor genotype,
and objectification are associated with disordered eating via body shame. A higher density
of serotonin transporters (conferred by the L′/L′ genotype) results in more reuptake of serotonin from the synapse and negative feedback of serotonin release (meaning there would
be less subsequent serotonergic neurotransmission; Fuller and Wong 1977). Research
shows the decreased serotonin associated with dietary restriction is attributed to increased
responsiveness of negative feedback of serotonin (Haleem 2009). Thus, the increased negative feedback of serotonin release in women with the L′/L′ genotype, in conjuncture with
a reduced number of post-synaptic serotonin 2A receptors (which is likely in women with
the G/G genotype; Polesskaya and Sokolov 2002, Turecki et al. 2000), may make women
with these genotypes more vulnerable to the reduction in serotonin levels that result from
stressors such as objectification (Moradi 2013) because their serotonergic neurotransmission may already be lower (Kennet et al. 1986). The use of SSRIs would inhibit the function
of some of the increased number of serotonin transporters in women with the L′/L′ genotype (Sahraian et al. 2013), perhaps helping to explain the utility of SSRIs in the treatment
of eating disorders for women with this genotype. Serotonin receptor 2A agonists may
have similarly beneficial effects, based on our findings and previous evidence that stress
can act on serotonin 2A receptor functioning, which in turn can result in restricted eating
and can be potentially treated with serotonin 2A receptor agonists (Compan et al. 2012).
Limitations and Future Directions
Although the cross-sectional nature of our study does not provide evidence for the temporal order of the variables, we relied on a model derived from objectification theory
(Fredrickson and Roberts 1997) that has received substantial empirical support (Calogero
and Pina 2011; Moradi and Huang 2008; Roberts et al. 2018). Future longitudinal studies
that ask about recent experiences of objectification could provide direct support for the
temporal precedence of objectification preceding changes in body shame and subsequent
disordered eating and offer a more individual and developmental approach (Fausto-Sterling 2012). Further, it is notable that the model explained only 4.3% of the variance in body
surveillance in contrast to 48.4% of the variance in body shame and 38.2% of the variance
in disordered eating.
Additionally, independent replication is vital for verifying results, particularly in genetic studies with small effect sizes. Only 27% of replication studies confirm previous genebyenvironment interactions (Duncan and Keller 2011). We used a sensitivity power analysis, which is a post-hoc analysis that estimates the minimum effect size that could be detected at a given power level for the obtained sample size. This is customary when the sample
size is predetermined by study constraints (e.g., data have already been collected for the
study; Faul et al. 2007). The sensitivity power analysis suggests that we had adequate
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power (.80) to detect very small effect sizes (f 2 > .015) for each path; however, our sample
size was smaller than recommendations for candidate-gene studies (Duncan and Keller
2011), so future studies should aim for larger samples. Model convergence issues when
attempting to add parameters to the model to control for additional environment × covariate interaction terms (as recommended by Dick et al. 2015) also may evidence sample size
limitations in our study. The environment × covariate terms were ultimately omitted from
the model for the sake of prioritizing more theoretically relevant paths and limiting model
complexity for model convergence.
Despite these limitations, our results represent a first step in incorporating genetic variables into objectification theory. Replicability of the identified genetic moderation seems
feasible because the concept of L′/L′ and G/G genotypes conferring higher sensitivity to
social stressors is consistent with prior evidence (Lee and Lin 2010; Mellman et al. 2009;
Sadeh et al. 2010). Our study did not test general stress to investigate how serotonergic
genetic variation potentially predisposing women to more general responsivity to stress
could contribute to disordered eating; further research should elucidate how objectification may be similar to and unique from other sources of environmental, social, and discriminatory stress and whether genetic variation interacts differently across various
stressors.
Although objectification often occurs interpersonally, it is important to remember that
it occurs in a larger cultural context in which women are objectified to a much greater
degree than men are, and with more adverse consequences than men (Moradi and Huang
2008; Roberts et al. 2018). Thus, future research should disentangle the degree to which
these effects are driven by social stressors in general, but also social stressors that disproportionately affect women in a society in which such sexist stressors serve to create, justify,
and maintain power and status differences between men and women (Moradi 2013). Questions regarding how people of varying gender identities and sexual orientations may be
differentially impacted were also outside the scope of our study because the current sample was self-selected participants who identified themselves as women (a potentially heterogeneous population known to be disproportionately targeted by objectification). The
generalizability of our results may be limited by the fact that it was conducted with a convenience sample. It may be that additional studies with greater diversity in age, race, ethnicity, gender, and sexual orientation could enrich our understanding of how intersections
of identity contribute to different responses to objectification (Etaugh and Worell 2012).
Our study reports a stronger path from objectification to disordered eating through
body shame for women with the L′/L′ genotype of SLC6A4. Some factors (e.g., childhood
trauma), however, are better risk factors for disordered eating for women with the S′/_
genotype (Stoltenberg et al. 2012a, b), so it stands to reason there may be differences between these social stressors. Individuals homozygous for the L allele are particularly sensitive to the effects of tryptophan depletion (used to decrease central nervous system
serotonin) on learning associations with rewards and punishments. Objectification is a
form of sexism that may (at least on the surface) appear to reward women who have bodies
that fit cultural ideals of feminine attractiveness while punishing women who violate these
cultural ideals. Women who are thin, well-proportioned, young, and White, for example,
may experience complimentary gazes and related commentary whereas women who are
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overweight, older, or from racial/ethnic minorities who violate Western standards of attractiveness may experience critical commentary and rejection behaviors. Unfortunately,
like other forms of sexism (e.g., ambivalent sexism, Glick and Fiske 1996), both complimentary and critical forms of objectification contribute to self-objectification (Calogero et
al. 2009), which may make women particularly sensitive to future instances of sexual objectification. Women with the L′/L′ genotype might also be particularly sensitive to the serotonin reduction from objectification (Blair et al. 2008). Further specification of which
eating disorder symptoms are associated with which combinations of genotypes and environmental factors may help to explain individual differences in disordered eating in
women with different genetic profiles. Longitudinal studies could provide clearer indications regarding changes in disordered eating following objectification.
Practice Implications
The results of the present study, in conjunction with previous findings, urge a shift in the
way disordered eating, genetics, and experiences are discussed in therapeutic contexts,
educational contexts, media, and generally. Eating disorder prevention educational efforts
rely on empowerment, body positivity, and rejection of the thin ideal in women (Breithaupt
et al. 2017). The present work suggests that reducing women’s experiences with objectification in the first place should feature prominently into these efforts. These prevention
efforts could focus on getting men to objectify women less, given that men objectify women
to a greater degree than women objectify women (Gervais et al. 2017).
Furthermore, understanding how objectification impacts women differentially depending on genetics may have other important therapeutic implications. For women already
struggling with eating disorders, further understanding the etiology of these disorders
may help reduce the sense of stigma (Crisp et al. 2000). By acknowledging the roles of both
societal and biological forces in eating disorders, women may feel less personal blame for
their illness, reducing the guilt and shame that can undermine treatment efforts. Considering the present study, practitioners and educators are advised to acknowledge the complexity of the factors that may contribute to disordered eating.
Furthermore, understanding the factors involved in the development of an eating disorder might help guide more individualized treatment. Precision treatment (i.e., personalized medicine) suggests that researchers and practitioners find the most efficacious and
least harmful pharmaceutical treatments for individuals by focusing “below the skin” on
metabolism, epigenetics, and genetics as a guide (Gillman and Hammond 2016), and this
has been an important focus of eating disorder treatment (Shafran 2013). Different eating
disorder medications targeting the serotonin transporter and serotonin receptor 2A may
be differentially effective depending on the specific genotypes (Steiger et al. 2008). At the
same time, precision prevention involves tailoring behavioral interventions to people’s
characteristics focusing “above the skin” on helping individuals overcome psychosocial
barriers, emphasizing achievable goals, or adapting to people’s economic and cultural circumstances.
The present results suggest that medications focusing on genetics alone are unlikely to
eliminate eating disorders and that addressing the role of objectification experiences will
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be critical for providing tailored and effective prevention and treatment of eating disorders. Although the current study does not yield specific recommended interventions, it
emphasizes the importance of considering how medications that alter serotonergic functioning and therapeutic methods addressing objectification experiences may interact and
differently impact individuals. The results of the present study identify both sociocultural
and biological avenues to target with individualized treatment and emphasize the need
for a holistic approach to individualized treatment. For example, if a woman presents
problematic eating attitudes to a physician or mental health practitioner, the findings from
our paper suggest that it would be important to consider both biological (genetic risk) and
environmental factors (objectification) that may contribute to this issue.
Conclusion
Evidence that certain genetic variation may increase risk for disordered eating is unsatisfactory without considering the contribution of the complex social pressures and experiences
of living in a culture in which women are chronically oppressed through objectification.
Indeed, bivariate genetic associations and multivariate genetic main effects were not significant in the present work. Accounting for both genetic and environment influences was
necessary to explain disordered eating in our sample. Integrating genetic moderation into
models of disordered eating based on objectification theory complements our consideration of the unique social pressures and experiences women face. This perspective suggests
that although some women who are exposed to high levels of objectification may not exhibit increased disordered eating, genetic variation in the serotonin system may help account for why objectification is particularly impactful for other women.
The current study advances the integration of feminist psychology and genetics research by incorporating a feminist theory (objectification theory) that has received strong
empirical support (Moradi and Huang 2008; Roberts et al. 2018) with genetics research on
the serotonin systems. The results emphasize the prevalence of disordered eating in
women as a likely result of a dynamic system of common genetic variation and social
stressors, such as objectification that disproportionately impacts women (Moradi 2013),
thus supporting other researchers’ calls for understanding gender differences as dynamic
systems (Fausto-Sterling 2012). Our study is an important first step to help account for the
complexity of the relations between different genetic variants in the serotonin system and
objectification in risk for eating disorders. Thus, it contributes empirical evidence for a nondeterministic perspective regarding the role of genetic variation in individual differences
in risk for disordered eating in women.
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Supplemental DNA Processing Methods
DNA was extracted from lysed buccal cells using the DNeasy Blood and Tissue Kit (Qiagen Inc,
Valencia, California, USA). Polymerase Chain Reaction (PCR) was used to amplify the
5-HTTLPR and rs25531 polymorphisms using 25μl volume reactions containing 20ng of DNA,
1X GoTaq Master Mix (Promega, Madison, Wisconsin, USA), and 10μM each of forward and
reverse primers: 5-TCCTCCGCTTTGGCGCCTCTTCC-3′ and
5′-TGGGGGTTGCAGGGGAGATCCTG-3′ (Wendland et al., 2006). The PCR amplification
conditions followed previously recommended standards (Wendland et al., 2006). Restriction
enzyme digest was used to recognize the rs25531 polymorphism by adding HpaII (New England
BioLabs, Ipswich, Massachusetts, USA) to 15μl of the PCR product and incubating overnight at
37°C. Gel electrophoresis was performed on a 2.5% agarose gel and visualized under UV light
with SybrSafe stain. Two independent coders viewed the gels to make genotype calls, and any
discrepancies were analyzed again and counted as missing data if no agreement was reached.
Participants with highest functioning SLC6A4 genotypes (L/L on 5-HTTLPR and A/A on
rs25531; L′/L′) were grouped for analysis and compared to anyone carrying a low-functioning
allele (S on 5-HTTLPR and/or G on rs25531; S′/_).

Table 1s: Univariate statistics for each combination of genotypes

rs6311 genotype

G/G

SLC6A4 genotype
L′/L′

S′/_

SLC6A4 L′/L′ and rs6311 G/G (n = 51, 9.70%)

SLC6A4 S'/_ and rs6311 G/G (n = 143, 27.19%)

n

Mean

SD

n

Mean

SD

1. objectification

51

2.34

9.59

1. objectification

143

2.23

0.56

2. body shame

51

3.04

1.22

2. body shame

143

2.80

0.90

3. body surveillance

51

3.89

0.74

3. body surveillance

143

3.83

0.82

4. disordered eating

50

16.58

14.79

4. disordered eating

143

13.55

9.00

A/_

SLC6A4 L′/L′ and rs6311 A/_ (n = 75, 27.19%)
n

Mean

SD

1. objectification

75

2.34

0.54

2. body shame

75

2.85

3. body surveillance

75

4. disordered eating

74

SLC6A4 S'/_ and rs6311 A/_ (n = 257, 48.85%)
n

Mean

SD

1. objectification

257

2.22

0.54

0.97

2. body shame

257

2.74

0.99

3.79

0.73

3. body surveillance

257

3.81

0.77

14.55

9.43

4. disordered eating

256

13.29

9.10

Figure 1s. Reduced model omitting nonsignificant interactions. We conducted a follow-up
analysis removing nonsignificant genetic interactions from the model. When constraining the
later paths (B, C, and E) to be the same across genotype, the genetic moderation was no longer
present. Specifically, there was still evidence for the indirect effect of objectification on
disordered eating via body shame, but this pathway did not vary as a function of genotype. Even
subtle variation in specific paths within the larger model as a function of moderators might not
reach statistical significance but can ultimately contribute to significant variation in overall
indirect effects (Hayes, 2013); this might be the case in the present study. Indeed, in the full
model (i.e., the model with all paths varying as a function of genotype), we found that the
indirect effect of objectification on disordered eating via body shame did vary as a function of
genotype. The global fit of the reduced model was adequate based on the CFI = 1.00 (value of
.90 or higher indicates adequate fit; Bentler, 1990), TLI = 1.126 (value of .90 or higher indicates
adequate fit; Tucker-Lewis, 1973), RMSEA < .001, 90% CI [.000, .096] (values greater than .10
indicate poor fit; Browne & Cudeck, 1992), SRMR > .001. The model accounted for 4.3% of the
variance in body surveillance, SE = .017, p = .013, 30.6 % of the variance in body shame,
SE = .033, p < .001, and 26.5 % of the variance in disordered eating, SE = .033, p < .001.
Notably, the full model and reduced model both demonstrated adequate global fit and explained
similar proportions of variance in the endogenous variables.

